For the isolation and cultivation of LegioneUla pneumophila from tap water in hospitals, we compared different media and selection techniques. A second part of the study compared the L. pneumophila yields from different water samples at identical sites. A total of 210 water samples (500 ml each) were collected from two selected sites in each of 21 hospitals. Warm water samples were collected after flow times of 0, 5, 10, and 15 min; in addition, one cold water sample was collected. Filtration was used to concentrate all samples. Following filtration, 0.1 and 1 ml each of untreated samples, heat-treated samples (3 min, 59°C), and acid-treated samples (pH 2.2, 15 min) were spread onto the selective media MWY (SR 118; Oxoid) and BMPAoc (SR 111; Oxoid), and samples from 12 hospitals were also spread onto GVPC medium (SR 152; Oxoid). A total of 72 (34%) of the 210 samples from 12 hospitals were positive. With respect to the positive LegioneUa cultures, there was no significant difference between the selective media MWY, BMPAa, and GVPC. With the BMPACa supplement, more samples were positive following heat treatment (P < 0.05) or acid treatment (P < 0.05) than without any further treatment. For the maximum yield ofLegionella colonies with minimum additional microbial flora, acid treatment was the most effective, and by all methods, the GVPC supplement was the most selective. For routine water tests in hospitals for differentiating between systemic and local contamination, acid treatment of the concentrated samples, the use of different selective media, and the correct selection of sampling sites are recommended.
Routine water testing for Legionella species in hospitals is recommended by many investigators as a necessary preventive measure (3, 7, 9, 16 ) and has been a legal requirement in the State of Styria (Austria) for 3 years. This law, however, does not specify sampling and specimen concentration methods, nor does it specify ways of minimizing additional microbial flora. The goal of our investigation was a comparison of the methods of sampling, specimen concentration, and minimization of additional microbial flora in order to select a routine test method in the medical environment which yields optimum test results with a minimum of expense and time.
MATERIALS AND METHODS
Between 1989 and 1992, 210 water samples from 21 hospitals were collected in the course of required routine tests for Legionella species. At two sites each, one cold water sample (500 ml) and four warm water samples (500 ml each) were collected after flow times of 0, 5, 10, and 15 min. Immediately following collection, the samples were transported to the laboratory. (6) , contained polymyxin B (50 U/ml), anisomycin (80 ,g/ ml), vancomycin (1 ,ug/ml), and glycine (3 mg/ml) as well as bromocresol purple (10 ,glml) and bromothymol blue (10 pLg/ml). ( iii) The GVPC selective supplement (SR 152; Oxoid) described by Dennis (4), containing glycine (3 mg/ml), van 
ment) and with all supplements (MWY, BMPAat, GVPC).
With respect to the positive Legionella cultures from five hospitals (n = 50), there were no significant differences between the selective media MWY, BMPAa, and GVPC. However, looking at the BMPAao supplement alone, a significant difference between the three methods was found; a higher number of samples were positive for L. pneumophila following heat (P < 0.05) and acid (P < 0.05) treatments than following filtration without further treatment ( Table 1 ). The number of colonies determined from all L. pneumophila-positive samples (n = 50) from five hospitals showed a significant advantage of filtration with acid treatment compared with filtration with heat treatment or without further treatment, as determined by the Wilcoxon signed rank test (10) . In each case, the GVPC supplement was the most selective. The highest median values of Legionella colonies from these samples were obtained by using the GVPC supplement after acid treatment, and the lowest median values were obtained by using the BMPAa and MWY supplements after filtration only. The median values of the additional microbial flora were inversely proportional (Table  2 and 3) .
DISCUSSION
Sampling. In all 12 hospitals, Legionella contamination was determined in the first sample (500 ml without heat treatment of the water pipe). Although in one case the largest number of bacteria was obtained after of flow time of 15 min, routine tests for L. pneumophila in hospitals can be limited to one warm water sample (250 to 500 ml) per sampling site. However, the sampling sites must be chosen in such a way as to be able to differentiate between local and systemic contamination. In buildings without risk groups (i.e., immunosuppressed patients) the choice of sampling sites can be limited to the central warm water systems and certain peripheral sites (e.g., showers) (7).
Minimizing additional microbial flora. The results show In a comparison of BCYEa, MWY, and BMPAa, Edelstein (6) summarized that MWY medium is the best medium for isolating L. pneumophila from potable water specimens. We found no significant difference between MWY and BMPAa in the rate of isolation by all of the methods used in the present study. GVPC was the most selective supplement (followed by BMPAa and MWY) regarding the reduction of the CFU of the additional microbial flora and provided a higher number of Legionella colonies. The cefamandolecontaining supplement BMPAa is known to inhibit those Legionella isolates that do not form cephalosporinase (e.g., L. micdadei [6] ); also, growth of L. pneumophila serogroup 1 subtype Bellingham is inhibited (14) .
These different results regarding the isolation rates of L. pneumophila with various supplements and the different number of unwanted bacteria in water require the use of several different selective media in routine tests as well; by using two selective media, Bomstein (2) detected L. pneumophila at a rate of 80%; by using three selective media, Bornstein (2) detected L. pneumophila at a rate of 90%.
The sequential culturing methods suggested by Shahamat et al. (12) for improved Legionella recovery or new molecular biological methods for rapid identification of Legionella cultures (13) do not seem feasible for routine water tests at present.
For standardized sampling and preparation in routine water tests for L. pneumophila in hospitals, the following recommendations are made. (i) Sampling sites should be carefully selected to differentiate between local and systemic contamination, (ii) 250 to 500 ml of warm water should be tested, (iii) polycarbonate or cellulose nitrate filters (pore size, 0.2 ,um) should be used, and (iv) water samples should be treated with acid and selective supplements (e.g., GVPC) should be used.
